
—AO76 939 STANFORD UNIV CA INST FOP PLASMA RESEAPCH fl$ 31p 
-

EViDENCE OF 160 MIN !,CtU)

r i~7iF
d 0* M0

~

tN07!e0

~T~O

I
I

- p 1



O L~ HII2~ 11 2.5
I .

_ _ _ _  ~~ IIIII~2
L a ~~ 

—

I.’ IIIO~°
lIJJI~8

11111’ 25 I1Ill~ iiiti~
MICROCOPY RESOLUTION TEST CHART

NATI ONAL BURLAIJ ~NOAIO ~- I



FURTHER EVIDENCE OF SOLAR
OSCILLATI ONS
WITH A PERI OD OF 160 MINUTES

-~~~

by •4~VLPH. Scherrer , J .M. Wilcox,
A.B. Severny, V.A. Kotov, T.T. Tsap

• Office of Naval Researchq Contract N00014-75C-0207

National Aeronautics and Space Administration
Grant NGR 05-020-559
Contract NAS5 -24420

National Science Foundation
Grant ATM77-20580 

~~~~j B~7fl ~~ 
STATEMENT A

- Approved to’ ~ut~iic r.1 oMI
D~~~~~~~~ 

U~~~~ sd

SUIPR Report No. 798 
D D C8

.. 

.
. 

October 1979 

Ii~~ di
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A

lot iii ~ ~~~~~~~~ 
ol s~~ liaised $(s*e Cas~ga...~~~)

( INSTITUTE FOR PLASMA RESEARCH
• STANFORD UNIVERSITY, STANFORD, CALIFORNIA

~~

- 

SLI~ 
‘
~‘ JM~



I
1~~CIASSIFIED

SECU RITY CLASSIF ICATION OF T f I l ~, PAGE (When Data Entered)

REPORT f1OC{IMUN~ AT(ON PAGE BEFORE COMPL(TING FORM
1 I11-~~QRT &~IMBE .—., 2. GOVT ACCI SSION NO. 3 RECIP IENT S C A T A L O G  NUMBER

~ J ~~~~~~~~R ~LI ~~~7~~~~ I ___ ___________
4 E l  UT ubt,tleI —~——-- —.•- -  - 5. TYPE OF REPOR I & PERIOD COVERED

/ ,  Further Evidence of Solar Oscillations /( k with a Period of 160 Minutes~, _ .
~ Scientific; Technical . /

- 
_

-. 

6. PERFORMING (JAG REPORT NUMBER

I AUTI$OIUIJ. ~~~~~~~ ~~~~~~~~~~~~~~~~~ _______________

/~;~ ~ LC~~:~~~;r~~V
J

A
M 

Kotov , T T /TsaP I (
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

9. PERFORMING O RGA N I ZA T I O N  NAMI. AND ADD UES 10. PR OG RAM ELI MI;NT . PIfOJE CT . TASK
A RIA  & W O lf ~~~~~ 

NUMI3EFT S
Institute for Plasma Research ~-~~~—.~~- •

Stanford University
Stanford , California 94305 

~ RE PORT DAT I NO OF PAGES
11 .  CONT UOLLIF4G OFFICE NAML AND A DDRESS 

/ J Oct~~~~~*79 / 8
F ~~ ISI ICURITY  CI ASS. (o f  dos report)

Electronics Program Office
Arlington , Virginia 22217

_________________ _____________ Unclassified
14. MONI T ORING AG ENCY NAME & AI)DFf f SS (i f  d f f . (ron Cont rol l ing Of f ice)

iSa. D EC L ASS I F IC A 1 I( l tJ / I )OW N G R A O IN G
SC H E  D U LI.

113. 01ST 11113 UT I o N  S T A T E  MI NT (of  th is report)

This document has been app roved for public release and
sale; its distribution is unlimited.

Ti~ rJ ls lF lI F fuT Io N  S T A T E M F  FI T (of f l-ri: a l,% tr ac . l entered in Illock 20. if d i f ferent  f rom report)

18. SUPPLEMENTARY NOTES

Tech., Other

19. K E Y  WORDS (Conti nue on reverse si ci c if necessary and identif y by block nurnl ,c r)

Solar oscillations

20. A B S T RA C T  )Cr ,nti n r.rn on rever se s id ,, if necessary and ident if y by bl ock number )

We present some new data concerning 160—minute solar oscillations. We report con-
clusions based on observations made at the Crimean Astrophysical Observatory and the
Stanford Solar Observatory during 1979. Oscillations of the sun with a period of
about 160 minutes have been previously reported. The observations have been con-
tinued at both observatories with continuous agreement and improved statistical
certainty.

k
~~~~~~~ FORM 1 A V’ ~UU 1 JAN 73 fF4) UNCLASSIFIED
EDITION OF 1 NOV 65 IS OBSOLETE SECU RITY CLASSIFICATION OF THIS PAGE (When Data Enter ed )

-



r

FURTHER EVIDENCE OF SOLAR OSCILLATIONS
H WITH A PERIOD OF 160 MINUTES

by

P.H. Scherrer, J.M. Wilcox
- 
- 

Institute for Plasma Research
Stanford University

H Stanford, California 94305
U.S.A.

A.B. Severny, V.A. Kotov, T.T. Tsap
Crimean Astrophysical Observatory

I i Academy of Science, U.S.S.R.
plo Nauchny, Crimea 334413

U.S.S.R.

Office of Naval Research
Contract N00014—76—C—0207

National Aeronautics and Space Administration
Grant NCR 05—020—559
Contract NAS5—24420

National Science Foundation
Grant ATM77—20580 -

SUIPR Report No 798

October 1979 
- -

- - .. 

- __

/ 

— -.------—--——

Institute for Plasma Research ‘. .,~~~~, . ~
‘

Stanford University 
~~~~~ 

L ’.. -

Stanford , California ~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ -

i
i F

Submitted to: NATURE ----L ’J I
This manuscript is not yet refereed. It is mailed out when the
paper is submitted for publication. The published version is often
improved by the refereeing process. This SUIPR report should not be
cited after the published version has appeared. We would appreciate
receiving any co ents that might improve the published version.

-~ ~~~~~ 
- .  _ ______.

~~~

• : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
—

— -- I —-:--~~~~e.— -— ---’--~- — —- - - - -



Nature

FURTHER EVIDENCE OF SOLAR OSCILLATIONS

WITH A PERIOD OF 160 MINUTE S

by

P.R. Scherrer, J.M. Wilcox
Institute for Plasma Research

Stanford University
Stanford , California 94350

U.S.A.

and

A.B. Severny, V.A. Kotov, T.T. Tsap
Crimean Astrophysical Observatory
Academy of Science, U.S.S.R.
plo Nauchny, Crimea 334413

U.S.S.R.

In this letter we present some new data concerning 160—minute solar

oscillations. We report conclusions based on observations made at the

Crimean Astrophysical Observatory and the Stanford Solar Observatory during

1979. Oscillations of the sun with a period of about 160 minutes have been

reported by Severny et al.’ and further described by Kotov et al.2 Scherrer

et al.3 reported the results of observations at Stanford for 1976 through 1978

- j and found that the Stanford observations tended to confirm the Crimean finding .

The observations have been continued at both observatories with continuous agree—

j ment and improved statistical certainty.

The existence of such long—period oscillations would lead to an important

increase in our knowledge of the internal structure of the Sun and make possible

“solar seismology”. Originating in the deep interior of the sun the oscillations

seem to be capable of transferring a large amount of energy from the interior to

the surface, an effect which should probably be taken into consideration in

current theories of solar interior and may be related to the neutrino and angular—

momentum problems of the Sun. : -
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The oscillations are observed using similar methods at the two observatories.

The observation is made by measuring the difference in line—of—sight velocity

between the central area of the solar disk and a surrounding annular region. In

1979 the sun was observed in this way on 38 days (for 246 hours) in the Crimea and

for 35 days (227 hours) at Stanford.

The data were analysed in the same way as in previous work
3 
by computing the

superposed epoch average curve with a period of 160.00 minutes. A least—squares

best fit sinusoidal curve was then found for the average curve. Since 160

minutes is an exact fraction of a day the phase of the best fit sinusoid can be

specified as a time.

For 1979 the time of maximum expansion (of the center of the solar disk)

was found to be 01:55 U.T. for the Crimean observations and 01:58 U.T. for Stanford

with a phase uncertainty of +/— 15 minutes. The harmonic amplitudes of the mean

curves were 0.37 tn/s (Crimea) and 0.29 rn/s (Stanford). Despite some difference

in calibration and calculated sensitivity (factors 1.68 and 1.00 for Cr. and St.

resp., for radial pulsations) which can produce the difference in amplitudes, the

mean superposed epoch curves are in satisfactory agreement.

In Figure 2 of the previous report3 we showed the phase of maximum expansion

for each observatory for each year. The 1979 data has been added to this same

figure and is shown here in Figure 1. The dashed line is an extrapolation of the

regression line computed in the earlier paper. It can be seen that the 1979 points

fall almost at the predicted phase.
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The change in phase from year to year is consistent with an actual

oscillation period of about 160.01 minutes rather than the 160.00 minute

period used for the analysis. This difference in period is an important

argument for the reality of the oscillations. Since 160 minutes is exactly

1/9 day it is to be expect 3d that some signal at that period be found in the

data.

It is very difficult , however, to conceive of any observational or

statistical artifact that could produce such close agreement of phase with a

period that is not exactly 1/9 of a day (see Fossat and Grec
4
).

Using all six years of data, a new regression line can be found which

yields a period of 160.01 minutes or a drift in phase of 31.5 minutes/year in

an analysis at exactly 160 minutes. Figure 2 shows the superposed epoch curves

for both observatories using all the available data (1974—1979) . This figure

was prepared using a period of 160.010 minutes (with a reference time of 00h00
rn 
U.T.

Jan. 1, 1974). This figure represents a significant amount of observing time, 715

hours for Stanford and 1407 hours for the Crimean Observatory. The formal statis—

tical undertainty in the amplitude of these curves is negligible (2A/a ~ 7) in both

cases.

As bef ore, we see from Figure 2 that the phase of the Crimean data is about

5 minutes earlier than for Stanford. If there were some terrestrial phenomena

(e.g., effect from atmospheric transparency or other) related to the time of local

solar noon, the Crimean phase would be 15 minutes after that for Stanford and would

not change from year to year in the 160 minutes analysis.

3
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The continued agreement in phase (and amplitude) between the two observatories

as well as the fact that the period differs from exactly 1/9 of a day supports

the interpretation that we are indeed observing solar oscillations.

While the average oscillation is steady , inspection of the individual

records show that the observable amplitude varies from day to day and from

year to year so the oscillations can almost disappear for some time as has

5been noted also by Isaak et al. This may be due to masking of the oscillations

by other motions in surface layers of the Sun such as supergranulation, giant

convective cells, etc. which spoil the regular pattern as was pointed out by

Gough et al.6. Also, the amplitude of oscillations can be modulated by the

rotation of the Sun as noted by Severny et al.
7
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Figure Captions

Figure 1 The time of maximum expansion in minutes from

o IJ.T. for Stanford observations (5) and Crimean

observations (C). The phase is computed from a

harmonic analysis. The error bar shows the typical

uncertainty in phase. The line was computed using

only 1974—1978 observations. The dashed portion is

an extrapolation.

Figure 2 Superposed epoch plots of the Stanford and Crimean

observatories with a folding period of 160.01 minutes.

The phase is defined to be 0 at 0 U.T. on January 1,

1974. The harmonic amplitude and phase for Stanford

and the Crimean data are 0.22 m/s, 18 minutes and

0.54 m/s, 13 minutes respectively.
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